The honeycomb lattice iridate Na 2 IrO 3 shows frustrated magnetism and can potentially display Kitaev-like exchange interactions. Recently, it was shown that the electronic properties of the surface of crystalline Na 2 IrO 3 can be tuned by Ar plasma treatment in a controlled manner leading to various phases of matter ranging from a fully gapped to a metallic surface, where the possibility of a charge-density wave (CDW) like transition is also expected. Here, through direct imaging with an atomic force microscope (AFM) in air, we show that the surface of crystalline Na 2 IrO 3 evolves rapidly as elemental Na effuses out of the interleave planes to the surface and undergoes sublimation thereby disappearing from the surface gradually over time. Using conductive AFM we recorded a series of topographs and surface current maps simultaneously and found that the modification of the surface leads to change in the electronic properties in a dynamic fashion until the whole system reaches a dynamic equilibrium. These observations are important in the context of the exotic electronic and magnetic properties that the surface of Na 2 IrO 3 displays. * These two authors contributed equally † Electronic address: goutam@iisermohali.ac.in 1 arXiv:1802.05311v1 [cond-mat.mtrl-sci]
Na 2 IrO 3 has been recognized as a promising playground for studying various strongly correlated phenomena 1-3 . Owing to its potential for showing novel ground states driven by the interplay of spin orbit coupling and strong electron correlations [4] [5] [6] [7] , it has drawn considerable attention of the condensed matter community and inspired a great deal of theoretical and experimental efforts 1, [8] [9] [10] [11] [12] . Na 2 IrO 3 has a layered honeycomb structure where oxygen medi- recently it has been reported that the electronic properties of the surface of Na 2 IrO 3 single crystals can be tuned by doping through Ar plasma treatment in a controlled manner ranging from a fully gapped to a metallic surface, where the possibility of a charge-density wave (CDW) like instability is also speculated 19 . Hence, it is of significant importance to study the surface properties 20 of Na 2 IrO 3 crystals in detail. In this paper, we report detailed investigation of the physical, chemical and electronic properties of the surface of high quality Na 2 IrO 3 crystals using scanning probe microscopy (SPM) in various modes.
High quality single crystals were used for the measurements presented in this paper. The crystals were available in the form of flakes with layers that can be easily cleaved mechan- hrs (e)40 hrs (f)50 hrs after cleaning EDX analysis of the surface revealed that while in the clean area of the surface, ratio 3 of Na and Ir was 2:1 as expected for Na 2 IrO 3 , the amount of Ir on the blobs is negligible compared to that of Na. Since EDX is a surface sensitive characterizing technique, it can be inferred that the blobs are primarily composed of sodium and the absence of Iridium points towards the fact that elemental sodium has effused out from the layers underneath.
The effusing Na clusters cover the entire surface sufficiently long time after cleaving and it is natural to expect that they will contribute to surface conductivity of the crystal.
In order to check whether the blobs on the top surface are electrically connected to the bottom surface, we performed conductivity mapping of the top surface of crystal. is shown in Figure 2 (e). Figure 2(g) ) where a sharp decrease in current is observed compared to that seen during first scan in contact mode. After four subsequent scans, most of the effused sodium was removed (Figure 2(d) ) from the scan area and consequently current dropped to zero (Figure 2(h) ).
In order to further investigate the dynamics of the surface, we monitored the time evolution of the topographic features in the area scanned during the previous conductivity measurements (Figure 3(a) ) from where Na blobs were removed by the tip. This was done continuously for next 40 hours. After 10 hours of scanning, we observed the sodium blobs emerging from the bottom left corner of the area under investigation (Figure 3(b) ). The size of the blobs gradually grew in the next 10 hours (Figure 3(c) ). Fresh sodium blobs continued to emerge on the surface in other parts of the scan area and spread over the entire surface as it can be seen in the image captured after 40 hours (Figure 3(d) ). This observation, as it is clear in the supplementary video-2, supports the 5 idea that the elemental sodium continuously effuses from the underneath layers in Na 2 IrO 3 .
After around 50 hours, the growth of the blobs almost stopped possibly due to a dynamic equilibrium established between effusion and spontaneous sublimation of Na. After this situation was achieved, we performed conductive AFM measurements again by applying a voltage bias of 6V over the same area and obtained the current distribution as shown in Fig   4 . In Fig 4(e) , a current of 1-2pA is observed from the surface wherever sodium is present.
As the Na is removed from the area by the tip due to multiple scans, the current dropped to zero again as shown in Fig 4(h) . The Na clusters formed on the area that was previously cleaned by the tip start disappearing from the surface after some time due to continued sublimation and exhaustion of effusive Na and as a consequence the blob size start reducing ( Figure 5 ). The images (a), (Fig 5(d) ).
In conclusion, we have demonstrated that the surface of Na 2 IrO 3 crystals become Na rich due to effusion of Na from the bulk. The effusing sodium get accumulated in the form of clusters on the crystal surface. Therefore, the observation of the exotic properties that Na 2 IrO 3 can potentially exhibit might be prohibited due to the effusion of Na to the surface. We have also shown that the Na clusters on the surface can be cleaned mechanically.
From scanning probe microscopy in different modes we have shown that such clusters of Na make the surface significantly conductive. If the crystals are cooled down right after cleaning, the effusion process can be minimized and its intrinsic properties can be retained for investigation. 
